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Introduction
Ovarian stimulation followed by IVF creates stress in the 14 female body. In combination with genetic predisposition 15 and life-style habits, the outcome of IVF may be signifi- 16 cantly altered by stress and by the natural defence mecha-17 nisms necessary for coping with it (Ruder et al., 2008, 18 2009). 19 Several endogenously synthesized reactive oxygen spe-20 cies (ROS) play important roles in the cellular signalling 21 events leading to cell growth, differentiation, migration, 22 mitosis and other processes (Droge, 2002; Duleba et al., 23 2004; Valko et al., 2007) . Total antioxidant status regulates 24 the concentrations of different ROS to maintain optimal 25 physiologically low concentrations, as their excess can lead 26 to high-grade oxidative stress, causing aberrations in DNA, 27 proteins and lipids, and in the long term are deleterious 28 to the cell or tissue (Valko et al., 2007) . A stressful imbal- 29 ance in a tissue may be caused by the malfunctioning of (Ruder et al., 2008) . It is proposed, however, that the 35 expression of antioxidant system components in complex 36 organisms varies between tissues, and responses to environ-37 mental oxidative stress factors may be tissue-and 38 organ-specific (Limon-Pacheco and Gonsebatt, 2009 ). 39 Therefore, in order to acquire more information, it is neces-40 sary to test simultaneously systemic and local oxidative 41 stress and total antioxidant status. 42 A positive outcome in an IVF procedure requires the suc- (Suzuki et al., 1999; Sugino et al., 2000; Matos et al., 2009; 53 Pasqualotto et al., 2009) , catalase (Behl and Pandey, 2002;  54 Pasqualotto et al., 2009) , glutathione peroxidase (Paszkow-55 ski et al., 1995) , thioredoxin (Lambrinoudaki et al., 2009) 56 and ascorbic acid (Paszkowski and Clarke, 1999) , among oth-57 ers. Estimation of oxidative DNA damage in granulosa cells or 58 lipid peroxidation products in follicular fluid are alternative 59 methods for studying the end results of chain reactions pro-60 ducing ROS (Seino et al., 2002; Gupta et al., 2008; Fujimoto 61 et al., 2011) . However, in order to obtain a broader overview 62 of the redox state of a tissue or organism, collective markers 63 for oxidative stress and total antioxidant status should be 64 assessed. 65 The goal of the current study was to describe the signif-66 icance of oxidative stress and total antioxidant status in the 67 oocyte maturation environment as well as systemically in 68 women undergoing intracytoplasmic sperm injection (ICSI) 69 and correlate the results with the outcome of ovarian folli-70 cle stimulation, clinical pregnancy rate, aetiology of infer-71 tility and smoking habits. For this purpose, this study 72 collected blood plasma, urine samples and follicular fluid 73 (FF) from 102 ICSI patients assigned to ovarian stimulation. 74 Total peroxide (TPX) concentration as a marker of oxidative 75 stress, and total antioxidant status measured via the total 76 antioxidant response (TAR) method, was determined in FF 77 and blood plasma by means of previously established meth-78 ods (Erel, 2004; Kosecik et al., 2005) . An oxidative stress 79 index (OSI) was calculated from TPX and TAR data, reflect-80 ing the overall balance of oxidative stress and total antiox-81 idant status in the sample. Similar methods have been 82 previously used in association studies, carried out to deter-83 mine the levels of oxidative stress in relation to various dis-84 ease states (Harma and Erel, 2005; Devi et al., 2008) . The 85 content of 8-iso-prostaglandin F 2a (F 2 IsoP), an endproduct 86 of lipid peroxidation and a widely accepted additional 87 marker of systemic oxidative stress (Minuz et al., 2006) , 88 was measured in the urine samples. The method has been previously described in detail (Erel, 183 2004 Data concerning all measurements of oxidative stress mark-234 ers are presented in Table 1 . TAR was significantly lower 235 (P < 0.001) and OSI was significantly higher (P < 0.001) in 236 FF compared with blood plasma samples. TAR showed a sta-237 tistically significant positive correlation between plasma 238 and FF (P < 0.037).
Elevated blood antioxidant concentrations favour IVF/ICSI pregnancy outcome
The oxidative stress markers were studied in regard to 240 the outcome of the ovarian stimulation cycle during which 241 the samples were collected ( Table 2) . As there was a signif- shows higher values if the tissue is under elevated oxidative 323 stress. Estimation of ovarian oxidative stress was carried out 324 using FF from the patient's first follicle to avoid blood con-325 tamination. Thus this study did not aim to study the fate of 326 individual oocytes and subsequent embryos, but rather 327 ovarian physiology as a whole and differences between 328 patient groups. 329 The results showed that TPX concentrations were inde-330 pendent as regards FF and plasma, while TAR correlated 331 well between the two body fluids, the latter result having a Mann-Whitney U-test showed that plasma TAR was significantly different between groups (P = 0.03). No statistically significant differences were found for any of the other parameters. b Only patients with more than hree embryos were included (n = 69). F 2 IsoP = 8-iso-prostaglandin F 2a ; NS = not statistically significant; OSI = oxidative stress index; TAR = total antioxidant response; TPX = total peroxide. been shown before (Appasamy et al., 2008 (Krisher, 2004) . Also, high ovarian ROS concentrations are 339 a byproduct of steroidogenesis and are necessary for suc-340 cessful ovulation signalling in mammals (Fujii et al., 2005) . 341 Specifically, LH has been shown to stimulate superoxide 342 production in rat pre-ovulatory follicles (Kodaman and 343 Behrman, 2001 ). An excess of intra-ovarian ROS scavengers 344 significantly reduces the rate of ovulation in mice by 345 interfering with LH-dependent pathways, leading to 346 perturbations in cumulus cell expansion, a decrease in 347 progesterone synthesis and LH-dependent expression of 348 ovulation-specific genes (Shkolnik et al., 2011) . However, 349 an upper limit at which ROS in FF commences oocyte dam-350 age, leading to reduced embryo quality, has been proposed 351 (Jana et al., 2010 (Takami et al., 1999 (Takami et al., , 2000 . 377 This study included urinary F 2 IsoP as one of the parame-378 ters for systemic oxidative stress evaluation. Concentra-379 tions of urinary F 2 IsoP were positively associated with BMI, 380 which has been previously mentioned (Keaney et al., 2003; 381 implanted. These results suggest that a link exists between 424 systemic antioxidant defence and endometrial receptivity. 425 It has been shown that superoxide dismutase expression 426 and activity increase in endometrial stromal cells upon 427 decidualization (Sugino, 2007) . has been more extensively studied in relation to this aetiol-441 ogy of infertility, without finding any significant associations 442 (Ruder et al., 2008) . The current observed that a reduced FF 443 TAR described the patient group with endometriosis. A pre-444 vious study revealed abundant oxidative stress-related DNA 445 damage in granulosa cells from endometriosis patients and 446 that the degree of DNA damage in these cells correlated 447 with reduced oocyte fertilization and embryo quality (Seino 448 et al., 2002) . It has also been suggested that increased total 449 antioxidant status is necessary to obtain normal oocytes 450 after ovarian stimulation in case of endometriosis (Bedaiwy 451 et al., 2012) . The current findings strengthen the hypothesis 452 that normal oocyte development requires an optimal con-453 centration of oxygen in the follicle, which may subsequently 454 lead to oxidative stress, thus generating a need to be bal- 455 anced with adequate antioxidant response in order to pre-
